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LHPROVEDEFFICI~CY IN THE SULtWR DIOXIDE - IODINE
HYDROGENCYCLETHSOUCH~E USE OF MACNESILJ?4 OXIDE*

C.F. V. Meson emd Pt. G. B-n
L08 Alams National Laboratory

University of Cnlifonia
Loa Alamoa, Mew Hexico 07543

ASSTLUCT

The rmction at iodina with dry megneaium .xide
and ma~esium sulfite hexahydrata wao studied axperl-
mentally ae a potioiblo meena uf improving the efficien-
cy of tha sulfur dioxida-iodlna cycla. When no extro
water was Incroducad, the -ximum product yiald uaa 5?%
obtained at 423 K. With ●trceoa Watar vapor, a norpo-
roua plug waw formad which prevented complete reaction.
10 cha sacond caae, uximm yiald was 622 ~aaured at
h33 K ●kwinu that addmd water doaa not Increaaa r@ac-
tion prducte. This raaction givta ●n rltmrnmta route
for producing hydrogarr from watar via tha sulfur diox-
ida-iodina proceaa.

lNTSODUCTION

Tho sulfur dioxido-iodine tharmmchcmical hydrogen
CYC1O(Cenaral Atomic Cycle) can ba awrieed by tha
following raactional

S02 + 12 + 2H20 * 2H1 + H2S04 (1)

2HI + H2 + 12 (2)

H2S04 + H20 + SU2 + l/2r?2, (3)

It la, ●c this tirn. on- of cha more fully tlevalopad
tharmorhamical cyclaa with a thermal proceaa afflcimcy
of 50% (~)m ‘Tha ❑ajor raauona that the ●fficlency la
not hig+er ure tt,atwo cnorgy Intenaivc ntapa O( drying
and decompoalrig H7Sok Aid mlao drying HI for which fdkN-
piloric dcid lti un~wl.

[n urdar to clrcumvenc tl~!e cum prohlama, wa pro-
ponP cn carry out remctlona (1) dnd (3) ?.n ●ta~ee ualn~

tfRll to decremme rha ●nar~y roqulremente, Thlm, tlm ral-
gvmtt chemlca] changaa can be ●umerlzad:

!ilto + wz + Hgso 1 (4,

Hgu + hf)lso, + 12 “ MRSL)6 + fmlz (5)

flftL2 + N20 ● Mflo + 211[ (fl )

)iRsoh o ttBO + S1)2 + l/2U2. (7)

In LIIIM winy, It rnhoIILd bu pumnihlu t~~ mlnlml~a the molsn
(It wntgr :I*CIJOIJ for rumplutc rtiactluil by unlnfl mteitm In

reaction (h) ❑l) thara ●rm no muluclon stena.

rhemeliwputmtinl dlnadvmntnnu of thin nyn Lum ln-
VOIVP* tlw oap~rlmmlcal tJlffLculLlaN n.wrldted wtlh
hnndlli~ tolld~. lhwovur, in thle piirticulnr HqUOIII,C,
the m!lids rim rorndln 111 I.IIIU PI.ICC whllti tht?v itrp nuh-

jGrlwd to dlfforant L@mpornturan mtd dllrarent IU3N

floua. It hee been found rocenrly that another ❑uiid
aulfnte, bfamuth tmlfatu, ctin ha dacompoaed at ratee
suitable for a c--rcial proceae (~).

‘fhanaodynamtc Coneiderationn
‘~ram the Elllngham Ditigrama shown in FIB. 1 [tha
thermodynamic data la taken from Ref. (~)], it le seen
that, in tlm preaanca of ❑tnam, at taaparaturea abova
540 K any B4g[ formed should be hydrolyzd directly ta
HI ●nd HsO. ~lao at 540 K, th. th.mel daco-pasition
of H1 ie alreadv favorod, ●o. when ●ouilibrium la ob-
tairmd ●bout 15% docomooeition will hava occurred.
Kinaticallv, the ●atabliatnant of this ●ouilibrium la
slow, ●soecially in the ●baenca of catalvtic ●urfacea
(4), Tha hut raauirementa for tha cycle ●ra a-:

.

W(C) + S92(8) *MO,(C) AHZ98 =-150.3kJ (a)

12(c) + 12(s)& -+62.3kJ

H20(1) + H20(s) AH;9B - + 44.0 kJ

(9)

(lo)

J@)(c) +ti@tJ3(c) + q(w) + W04(C) +Wzk),
.

‘H29fJ
.-6S.0 kJ

f’fR12(C) + H20(R) + PJIJU(U) + 2H1(L0,

AH;98 = + 59.8 kJ

2111(R) ● HZ(M) + 12(H)AN;9S - + 10.4 IL.J
●

12(K) ● L2(c)Ali298 - - 62.1 kJ

Mgso4(c) + f’fqll(t’) + SL72(J!) + l/02(M),
9

“’298
- + 390.1 kJ

(11)

(12)

(13)

(14)

(15)

,.— —

1121)(1) “ N2(@) + l/02(M)AN:9” - + 2S5.9 k.J (16)
.
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Tbim Blvmn # figurm of aarit of 0.30. If it provas “
possiblm to carry out reaccionm (11) ●nd (12) concur-
m:iy, than this fiwra will Incremsa to 0.56. If it
ia Kurchmr ●ss- that the axotharmic #topm can fur-
nish tlu heat for tho louar tnparatura ●ndotharmic
●mpm, than cite only haat that tread ba supplied la for
ft@J dacmpoticion. Thus, the Eigura of merit 1s

Lfurt r incroaaad to 0.73.

Chamlcal ConaidmnCians
It has prwioualy btien ●atablished (~) that tha

raac tlona fy

HS03(C)+Wk) + I*(C) ~ HS04(c) + H,g12(aq) i17)

whara H - f4s, AH~9B -- 333.1 4J
●

‘=ca’ ‘H29E ‘- 255”7 w

occur raodlly both in dilute aquaoua solution, and when

~~fi’~f~[~~~ ha a~no ~m ●- [6) t~~ tin
reaction accura ●t s concancration

H = HS, ic I- unacaaaary to saparatm cha-protkta
nriar ca their hvdrolvmia ●nd chamal decmoaitiona,
●ittoa th taarsturos of the two raaccionaarm ●qar-
acd br 500 K. Tharmxlyn-icm 1lY. thaae rmactiuna can
●l no p-sad in the ●baenco of wmtar:

?lSo, (c) + Fhlo(c) + 12(U)● HSL14(C) + Ng12(c) (lB)

whera H = Ftm, AH~M = - 6a. O k.t

II - Ca, All~w - - 106.4 klt

●

“ - ‘a” ‘H290 -- 119”1 ““

There t_ure. we kQL out to ●tudv the condicionm UNlar
which re.nctlon ( 18) Uli I nr-umd. Althouwh we conaidar
hara Iuac tha caaa of maanani- ■ulfitm. we hose to ●n-
tond theme ctudian co includa calclt=. barim. and lan-
thanm ■lfitm.

RESULTS ANO OISCUSUION

A thermqrwlmatrlc analvnim wnn parformd on
H@W “bl’ ,0.

i
nip tuwqwn~’~ra rnnmu for Lomb of mtlw

IIC u ter’ls uhown in Taklw 1. Ahovm b03 K, SO wati
iavolvd ancllwmm romplvt.~ bv U2J i whan m haatl R rato

Uf 20” ■ln Uaa Uuadm

Tab Lc 1 Tmperatura Ranma Cnr Lnam O( Umtar fram. --
ft@+.6H,0.

—.
(lleaLhlH Itate Zf) K/mln].

TIJ1’1’●ratula (KL Mnlon U( Wfiter Lmt——

. 178 1
?7: - 3Yft 2
)98 -All 3
413 -.i41 4
4h3 - 4bu 5
4fH - hO} h

Luitlmlly, LU ■tudv raactlun ([8) w pammrd dry In
thruuah ● mlnture Ui NW .bll,O rent! IW at vmrlnum t-:
peratur*n, Th4 reaulln, ?ndl@lltlnE pfirt lal rcnrtlwt,
●rm ntmwn Ln Table ~. 1, u1!l not rraut with ftut~ (7)
mad w fuumd that nelthcr%ll! W, UP III }74 K. n10
watm uf Iwdratlon p~.riorm.i a ❑lmiil[lrmc rmlr h! lhc!
raactlun, wnimran vleltt wcn ohcalnad WIIIIU shuul
2 molam of wat~r of hydratlum wro promanti ‘Thr VIFIIJ
dropm sharply at hlmher t~er-turn. tho r~acll!nl IIMIk
●bout 10 mln, Lh- Lima fur Ihr I

1
tu pa-m whrmuuh llmI

~lld bad. thmralorr. thm rrnwl 11111- f,tntnllwlt ln-

completa. The ●xpmrtmant parfor=ad at tha lowast ta-
peratura waa mique in this ●eriem, ainca it pmvad lm-
poaaible for all the 12 to paaa throu@t ~ha solidm am ●

nanparoum plug waa formed, accounting for the 10U yiald.

Tabla 2 Rmaction of 12 Vapor with MSS03 and ttL~.

HsS03.6H20 -9.8 x 10-+4, M*O ■ 9.s x 10-%,

12 - 11.a u 10-’ n

MSO+HRS03+ 12+HsS04 +Hs12 (16)

Tmqtarature Hgso
-4

z
K z 10 Smaction

——
3s3 0.76
403 4.85 4:
423 6.40 67
448 6.16 63
473 3.66 M
923 3m2~ 33
573 2.% xl

Sinca, in all cases, the raaction waa incomplete, the
aaperimnts were repeated. paasinfi both I

1
and watar

vapor thron~h the solids. Thma remults rm shown in
Table 3. For the two lower t~aratura ●xper*ta,
the reaction wa linited by the formatian of ● nonporoum
solid plum which prohibitad gmea bain~ pasaad through
it. fiia warn not trua at 573 K but tha overall product
yi~ld waa low.

Table 3 Reaction of 12 ●nd H20with flKSO1 ●nd MKO.

HZO= 2/7,5 R 10-%. Condltiona ●a in Table 2.

Tmoeraturc HmSO

$4

z

K x lo- Raac t ion

433 6.07 62
523 2.65 26
571 0.93 10

[n ordmr ta HOE whethmr tha obmarved nonporoaity
wan Jepandent on che amount Of watar vapor, tha umpuri-
mntn wera rapeatod ualn~ laaa uaLur vapor and theue ra-
mulLm dra Awn Ln Tablu 4. Partial inhibition tu ~m
flaw WAS obaervad and ylwhlm obtaLned wara very mlmilar
to them Ln Tabla Y.

Tablu 4 Kaaccim of 1 and llqOwlth HRSO and FfRO.

Cunditionm fin In Tahlo 1.——- —

T~mprraturm II*() u&f!Wh z

K XIO-’H Slo-’n Na*c t ion
. —---- —.. .— . . . . . . . --— . . . . .

42J lJ.ti 3.15 >5
,~:~ 2?mH 5.52 M
52J 27.H 2.W 29
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HI warn fomd in tha water thtou h which che oxit gasea
fwere paesed in a smell relative Y inveriant SWI:UC.

Seth f4g(OH)I and HI eccounced for no more than 3% eech
of reaccion products in alL caaee. The low amount of

HI formed, which waa approximately equivalent co the
HE(OH)I found, ehowa that little SO, waa evolied even

{though it ie conceptually posBible hrough the follov-
ing reacciona:

2M8803 + 12 -USS04 + r4u12 + S02 (20)

NgS03 + 2 HI *MB12 + S02 + H20. (21)

Any SO formed wae removed either by absorption on f4g0,
2or,whi h ie mre likely by reaction with 12:

S02 + 12 + 2H20 P H2SO& + 2HI. (22)

The HI would be pre~ent in the water through which the
exit ,r@aaa wero bubbled and would result in higher io-
dide analyseo than in ME(OH)I, Thie wae not tound in-
dicating litgle S02 evolutkon,

Any HI evolved, therefore, -y reecc preferential-
ly with MgO:

HgO +2 HI+14g12 +R2W (12)

inataad of with HgS03.

At temperatures Ereater than 540 K where the re-
veree of reaction (12) ie favored, the reeulte indicste
lW overall reection ●nd no ●nhencd HI formation.
Thue lt appoara that, for optimal yields, iF thie aP-
proach ie adopted, reaction (18) ❑hould teka place
around 423 K, fsllowed by ●n incr-aee in temperecure
●nd ●xceee weter co hydrolyea ltEI . Thie Lexperature

?increaae muot b. sufficient to ob ●in poroeity of tha
reactant molbJe ( .. 573 K).

Howevar, ●s che reaction yielde do not reach 100%,
end ae the approach deacrlbed ■idcetmpe cha imcue of
S02 reacting with MgO, an alternative approach wma ln-
veuclgated. 1,, and H o were mixed prior to a
M@ bed, thanl~h~”?;ulde pamei~~ throu~h tho bod would

ba meinly H2W4 ml HI:

S02 + [2 + 2H20 * H2W4 + 21il. (22)

The MgO bed acte ● medium to eaparate MI and 112S04:

2H1 + H2S(J4 + 2 M@,~ ‘ MRW4 + f4aL2 + 21120 (23)

Poaslbly coma hydrolyelrn of MMI, will occur. Supnrn-

tlon takern piece bv hydrolvalnu””Mul
2

nrcmnd 600 K and
decompnmlnx MRSU4 et ubnwt 1200 k.

For ●IM3 Cllma Ijt !l, so ;Ilunq the rcnctlou wan
\h (N Htill ,, liqwld JL Jtll Knatarlv c[~mpletu rlncu n.,sl

(I)prlll K). Thl# in untrue [(>r Ill. The ●xtent of LhV
raactlon wan dimlnlmhotl duc elthur to [n HILU hvdrolv-

nla 01 Ffulmur to u dlfhtmlon llmltrd rnta mlncv o IMn/
eolld ru~utlolt wfim tnklnu plncm. WheniI dxruro ,Ir

RaNeM warn unad ●ulra~e fmrmmtlun wan t.lucrwnmedm Tha
ovarnll yluldn w?r~ found Lu II(I Inwor thnu In LIIU prv -

VIUIIM qq~ronrh which Involven [h- prl,!r rnrmtlm 01
HRSO1.

Tlbh 5 Rasulte of PaaeinU HI (55%) and or HzSOG (96%;.—

through MgO at 383 K.

f480
‘2s04

HI Rasulta

MU10-2 Hxlo
-2

HX1O-2 HX1O-2

9.0 9.0 ---- 7.8 anh.M#04(86%)
1.1 Mgo

‘“7 ‘nre=cted ‘2s04
paaeeu through
u@

3..9 --- 4.0 !..4 anh. Pfg12(15Z)
t@o reeidue

H.2 2.7 5.4 1.0 anh. MuS04 (37Z)
6.8 Hgu
trace HR[7 (4%)

3.9 1.4 2.7 0.5 anh. SgS04 (37%)
2.4 Hgo

40Z Hg12

Formation of t4gS0 .6H O ie the crwciul preculeor
to reection (18). [t ~an ~e formed (~) by bubbling S02
through ●n ●queoue nlurry of PfgO. Since HgSO .6H20 ie
relatively ineoluble the●olid mixture of l#g03and
HsS03.0H O can be dried once the SO upruke is much

itfut hel? the oxide hem bacn sulflt d.

In reality, reactiona (8) and (11) ●hould be uodi-
fied to Include tho energle: oi hydration and dehydra-
tion:

H@(c) + S02(g) + 6H20(1) + PERS03.6H2L)(C) (24)

●

AX298 - - L96.5 U

Pff@J.,.6Hao((:) + r’t@3.211#(1-) + 4112Ll(g) (25). .
.

‘H298
- + i29.2 kJ

HfIS113.2112U(C) + HMO(C) + 12(M) ● HNSL)4(C) + HM12(C) +

.
2!5~)(td .’IH,98 =- lltr. b kJ (26).

.
6H20(M) ● fd{20(l ) ‘J12qL1 - - ~,J.11 kJ (27)

fierm Ie *UtfiL.lWtt !Iaat ~lbUrUced Ill (Jh) tll fUal
tile lowur tempernLura dalwd(utloll (25). nlun hvdratc
furmciun, whllc mmbllo~ rhu ryclo mtepl, to bu carrlud
OUL uu 111 thu original hypottle~ls, do not reuult in any
uvurnll drup Ln the tlgure of merit.

CI)NWJS [(JNS



center of a pyrex cube (id. 2.3 cm). inside a vertical
tub- furnace. 12 (and H 0) were vaporized and pessed

$throufth the cube in e at earn of argon tn about 10 min.
The solid productg were analyzed by first removing the
excess I using ~-xylene and acetona. ME12 m as well
ae I , i~’soluble in acetone, so that the extent of

1rent ion waa measured by sulfate analysis cf the water
‘.oluble fraction uain~ ecandar-1 Rravimetric Drocedurea
(lff)qfcer boilinR the acidified solution to remove anv
n=uble sulfite. Some iodide was also found (3%) in
the water through which the gaseti were paaaed atter
leaving the reaction rube. SuLid reaction products
were identified by x-ra. I,owder diffraction patterns.
The tharmogravimc’ .l.~lyeis was carried out on s

Dupont 900 Therm., .malyzcr.
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